The circulation of poor quality medicines, especially in the developing countries, is a public health concern. Compliance with good manufacturing practices (GMP) is essential to ensure the quality, efficacy, and safety of medicines. This study evaluated the outcomes of the Brazilian Health Regulatory Agency's (ANVISA) international inspections of two years (2015 and 2016) and compared these to those of other regulatory authorities. The information from 255 inspection reports was analyzed, and the type and extent of deficiencies were collected. In the period evaluated, 62.75% of ANVISA-inspected companies were classified as GMP "satisfactory," 24.71% were classified as having "on demand" status, and 12.55% of inspections concluded that the company did not comply with Brazilian GMP regulations ("unsatisfactory"). The most common areas of deficiency were documentation (28.63%) and premises (26.27%). The pattern of deficiencies was similar to the findings of other regulatory agencies. However, ANVISA detected a more significant number of non-compliance results than other authorities, which may be caused by differences in classifications adopted by each Agency. Furthermore, manufacturers inspected by ANVISA may follow different standards and practices for products manufactured for the Brazilian market. Disclosure of main GMP deficiencies found can be useful for encouraging the industry to comply with GMP, and additional guidelines in the specific areas where deficiencies are often identified may be useful to industry to improve GMP compliance. Harmonization of GMP guidelines and inspection procedures are the key steps to avoid duplicate work, but regulatory authorities also need to work together to enforce the proper level of GMP compliance by pharmaceutical manufacturers, assuring high quality and safe medicines supply.
Introduction
Good manufacturing practices (GMP) is the part of quality management which ensures that products are produced and controlled in conformance with quality standards appropriate to PLOS ONE | https://doi.org/10.1371/journal.pone.0202084 August 8, 2018 1 / 17 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
The primary objective of the present study was to evaluate the outcomes of ANVISA foreign inspections in the preceding two years (2015 and 2016), conducting a review of found deficiencies. Disclosure of the leading found GMP deficiencies can be useful for encouraging the industry to comply with GMP, sharing of experiences between international regulatory authorities, improving legislation requirements and increasing availability of good quality medicines.
Materials and methods
The information contained in the inspection reports was analyzed, and the type and extent of deficiencies were collected in a form created using the system FormSUS. The study covered inspections performed across a 2-year period, the time that a GMP certificate is valid in Brazil, from 1 January 2015 to 31 December 2016.
Results were collected from a total of 255 inspection reports. An Excel database was created with all the collected issues, and these were classified in four ways.
First, the conclusion of the inspection was grouped by company compliance status according to the national standard operating procedure (SOP) for company classification (POP-O-SNVS-014) [25] , as "satisfactory," "on demand" or "unsatisfactory." The results were also grouped by country, production lines and if the company was previously inspected or not.
Second, for companies where deficiencies were found, the number and seriousness of these were collected (critical, major, and minor). The means, medians, minimums, maximums (range) and standard deviations of each deficiency were also calculated.
Third, deficiencies were grouped per the titles and chapters of GMP regulations in Brazil. Finally, deficiencies found more frequently were listed descriptively regarding the article (item) of the regulation and were then quantified. Their frequency was also quantified by the total number of deficiencies.
Results
Between January 1, 2015, and December 31, 2016, ANVISA performed 255 international inspections of drug products, in 41 countries. Each country's inspections, outcomes and the respective percentage of each conclusion category are described in Table 1 . Fig 1 shows the absolute number of each result per country. Countries where fewer than five inspections were performed (Poland, Sweden, Japan, Netherlands, Singapore, Colombia, South Korea, Israel, Paraguay, Ukraine, Australia, Costa Rica, Croatia, Ecuador, Slovenia, Philippines, Finland, Greece, Latvia, Malaysia, Portugal, Romania, Russia, Thailand, Czech Republic, and Turkey), are grouped as other.
Of the total of 255 inspections, 101 (39.61%) of the companies were being inspected for the first time, while 154 (60.39%) had been inspected before. The outcomes found for each situation are presented in Fig 2 .
Sterile products were covered in 125 inspections (49.02%), 131 referred to non-sterile solids (51.37%), 25 to non-sterile liquids (9.80%), and 10 to non-sterile semi-solids (3.92%). One inspection may cover more than one production line, and the conclusion may be different for each line. We identified four situations where it occurred, for two companies in India, one in the United States and one in the United Kingdom. Three of those companies were classified as unsatisfactory for sterile production line and as satisfactory or as on demand for nonsterile pharmaceutical dosages forms. The result described in Table 1 was counted just once, as unsatisfactory since another inspection would be required. Conclusions by each production line are described in Table 2 .
A total of 1171 GMP deficiencies were found in these inspections. The mean number was 4.59 per inspection (SD = 6.2), and the median was 2 (range: 0-42 deficiencies). Critical deficiencies were found in 19 inspections (7.45%), major deficiencies were observed in 111 (43.53%) inspections, and minor nonconformities were found in 165 (64.71%) inspections. Table 3 shows the deficiencies found per title and chapter of the Brazilian regulations and their international reference. The top 10 most common areas with deficiencies are presented in Fig 5. The deficiencies found more frequently, the correspondent article (item) of the Brazilian regulation and the international reference are shown in Table 4 . All articles cited more than ten times in the period are listed.
Discussion
According to the Brazilian SOP (POP-O-SNVS-014) [25] , deficiencies are classified as critical, major, and minor. A critical deficiency is a deficiency that probably results in a product that does not comply with essential attributes of the marketing authorization or can present an immediate or latent health risk. Additionally, any deficiency involving fraud (product or data falsification) or tampering is categorized as critical. A deficiency that can result in a product not compatible with the key attributes of the marketing authorization is considered as major. If the deficiency cannot be classified as either critical or major, but is a deviation from the GMP, it is classified as minor. The procedure also states that if during the inspection, up to five minor deficiencies are observed, the company is classified as satisfactory. If the inspectors found six or more minor deficiencies and/or less than five major deficiencies, it is classified as on demand, which means that the company has 120 calendar days to comply with all pending requirements described in the report and to present documented evidence to ANVISA for GMP certificate issuance [24] . If one or more critical deficiencies and/or six or more major deficiencies are observed, the company is classified as unsatisfactory. In this case, the GMP certificate application is rejected, the foreign company must be inspected again for GMP certificate issuance, and the requesting company in Brazil (the importing company) needs to reapply for the certificate, paying the correspondent fee, causing a delay in the MA process. If the product is already registered in Brazil, some penalties may be applied, like importation preclusion or product recall.
In the period under analysis, 62.75% of ANVISA-inspected companies were classified as satisfactory, 24.71% received on demand status, and 12.55% of inspections concluded that the company did not comply with the GMP (unsatisfactory). As presented in Fig 4 , most deficiencies found were considered minor (57.22%), however many major deficiencies (40.31%) were also found. Critical deficiencies were a small part of the total (2.48%). The United States of America Food and Drug Administration (U.S. FDA) classifies the conclusions of inspections as official action indicated (OAI), when significant unsuitable conditions or practices are found, and regulatory action is warranted to address the establishment's lack of compliance with the statute(s) or regulation(s); voluntary action indicated (VAI), when objectionable conditions or practices that do not meet the threshold of regulatory significance are found; and no action indicated (NAI), when no objectionable conditions or practices are found during the inspection, or the significance of the documented objectionable conditions found does not justify further action [34] . Inspection classifications can be searched on the inspections database, available on the U.S. FDA website [35] . A search on the database for the fiscal year 2016 (inspections between October 2015 and September 2016) with the entry "Project 56-Drug Quality Assurance," resulted in 1,429 records (824 from the U.S.). Of the total, 582 (40.73%) were classified as NAI, 807 (56.47%) as VAI, and 40 (2.80%) as OAI.
According to the European Medicines Agency (EMA) 2016 annual report, approximately 1% of the inspections conducted by European Union authorities led to a non-compliance statement (24 out of 2,293). The issued non-compliance statements referred mostly to the Indian (11.11%), Chinese (6.77%), and U.S. (3.37%) manufacturing plants inspected in 2016 [36] .
Health Canada reports the inspection work every year in an annual inspection summary report. In the last one published, for the 2014-2015 fiscal year (from April 1, 2014, to March 31, 2015) , the Canadian inspectorate conducted 442 domestic drug GMP inspections, 227 in https://doi.org/10.1371/journal.pone.0202084.g004 Table 3 . Brazilian regulation titles and chapters, international references, and frequency of deficiencies found during ANVISA inspections.
Title/Chapter
Inspections with deficiency found (% of inspections)
drug manufacturers, and made 3,096 observations. Of these observations, 0.5% (17 issues) were categorized as Risk 1 (critical), 50.2% (1,612) as Risk 2 (major), and 49.3% (1,579) were classified as Risk 3 (minor). The compliance rate was 97% [37] .
Comparing the results with other HRA, ANVISA had more unsatisfactory results (12.55%) in contrast with the EMA, U.S. FDA, and Health Canada that all found 1-3% of non-compliance results. As shown in Fig 2, this number is higher when the company is inspected for the first time (19.80%), demonstrating that most of previously inspected companies satisfactorily addressed corrective and preventive actions to deficiencies reported and the GMP compliance level has improved.
ANVISA has also been shown to refuse a large number of MA when compared to the U.S. FDA and EMA, with drug product quality control, drug product stability study, active pharmaceutical ingredient quality control made by drug manufacturer, active pharmaceutical ingredient and production report being the main technical reasons for MA refusal in 2015 [38] . These issues are also part of GMP inspections and may reflect on GMP compliance since the most cited deficiency found by ANVISA refers to products not consistently produced and controlled according to the quality standards appropriate to their intended use and as required by the marketing authorization (Art. 13), as noted in Table 4 .
Considering the countries that are more frequently inspected by ANVISA, France has the highest non-compliance rate (26.09%) followed by Ireland (25%) and China (20%). From the 40 OAI results reported by the U.S. FDA in the fiscal year 2016, 22 were for U.S. companies, six Chinese, two Indian, and two Brazilian companies [35] . The EMA has issued more non- compliance statements for facilities located in India and China [36] . However, the number of unsatisfactory results obtained by ANVISA in those countries is larger. Table 2 shows that ANVISA inspects more international manufacturers of nonsterile solids and sterile products. Considering these major groups of pharmaceutical products, sterile products had more non-compliance and on demand results than nonsterile solids, which was to be expected, since sterile products need also comply with additional guidelines (Title III of Brazilian GMP Guidelines). The level of unsatisfactory and on demand results for nonsterile liquids and semisolids was not expected, since the manufacture of these products is considered simpler than solids and sterile products; however, this data may be related to the small number of inspections for these lines.
Considering the frequency of the deficiencies found during ANVISA's inspections 28.63% of ANVISA-inspected companies in 2015-16 presented some documentation non-compliance item (including records), and 26.27% showed deficiencies related to premises. Regarding the total number of deficiencies, 11.97% were related to premises and 10.15% to documentation. The basic rules of GMP determine that the pharmaceutical manufacturer must maintain proper documentation and records. Documentation ensures traceability of all manufacturing and testing activities, is essential to GMP compliance and allows the auditors to assess the overall quality of operations within a company and the final product [39] .
Cooperation and harmonization is an international opportunity for the exchange of knowledge and experiences as well as regulation improvements supporting HRA in their commitment to implement scientific standards in drug registration, inspections, and pharmacovigilance [13] .
The Pharmaceutical Inspection Convention/Pharmaceutical Inspection Co-Operation Scheme (PIC/S) has provided an active and constructive forum for cooperation in the field of GMP The heads of the production and quality control and quality assurance do not share, or jointly exercise, responsibilities relating to quality, such as monitoring and control of the manufacturing environment, process validation and calibration of analytical apparatus, approval and monitoring of suppliers of materials, or approval and monitoring of contract manufacturers (Art. 77). Where dust is generated, e.g., during sampling, weighing, mixing and processing operations, and packaging of powder, measures are not taken to avoid cross-contamination and facilitate cleaning (Art. 104). inspection [40] . The mission of the PIC/S is international development, implementation, and maintenance of harmonized GMP standards, and the quality systems of inspectorates in the field of medicinal products [41] . PIC/S has established a rigorous assessment process for inspectorates and only those meeting the standard are allowed to join the scheme [40] . Currently, 52 HRA are members of PIC/S. Brazil and Armenia are applying for membership. The procedure adopted by ANVISA to classify deficiencies is similar to the SOP established by PIC/S [42] and Health Canada [43] , with the exception that PIC/S denominates minor deficiencies as "other." In 2011, PIC/S held a workshop on the similarities and differences in the top 10 deficiencies cited by PIC/S members and, before the workshop, a questionnaire was developed and sent to invite all PIC/S members and applicants to share inspection data. The results of this study showed that the most frequently cited categories of GMP deficiencies were "documentationmanufacturing" followed by "design and maintenance of premises" and "documentationquality systems (elements/procedures)". The study also showed that there are no significant differences among regions regarding the way GMP deficiencies are identified, classified, and cited, meaning that there is harmonization across PIC/S members. However, different levels of details of the deficiency classes model were noted, and a model was needed for alignment [44] .
The U.S. FDA investigators list inspection observations on a form (FDA Form 483). Summaries of the areas of regulation cited and their frequency are available by fiscal year on the U. S. FDA web page [45] . During the fiscal year 2016, the U.S. FDA issued 691 Form 483s for drugs. The most common inspectional observation was "procedures not in writing, fully followed" (147 citations), followed by "scientifically sound laboratory controls" (133 citations) and "investigations of discrepancies, failures" (126 citations).
The most cited item of Brazilian regulation was Article 13, as presented in Table 4 , which is related to general GMP requirements. This article summarizes all GMP requirements, establishing that products must be consistently produced and controlled to the quality standards appropriate to their intended use and as required by the MA. Furthermore, it requires that a risk management system is in place to mitigate inherent risks, that instructions and procedures are clear and unambiguous, records are made, and any significant deviations are fully documented and investigated.
The second most cited article was 569; this item, which is related to water systems reviews, describes the topics that must be considered in the examination. Most HRA do not describe this point in such a detailed way in regulation as ANVISA does. It is based on item 7.5 of the World Health Organization (WHO) Technical Report Series 929, 2005-Annex 3 [30] , which is a guidance document, supplementary to the general GMP guidelines for pharmaceutical products. Violation of this article is considered a minor deficiency.
Two articles were in the third position of most cited articles with 21 citations in 255 inspections (8.24%). One is related to documentation deficiencies (Article 197), and the other is related to clean and dirty equipment holding times (establishment and validation).
It is necessary that manufacturers are aware of the importance of proper implementation of GMP guidelines and their responsibilities relating to the manufacture of medicinal products, which means an efficient system of quality control and quality risk management [6] .
The Brazilian GMP regulation [2] is mostly based on the WHO guidelines. However, some of these guidelines were reviewed by the WHO after the publication of the Brazilian regulations. Additionally, ANVISA recently joined the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) and is applying for PIC/S, meaning that the Brazilian GMP guidelines will need updating in the next few years. PIC/S membership will be valuable for Brazil, because it allows the exchange of GMP information such as inspection reports and recall alerts, aims to harmonize GMP standards and guidance documents, and provides training for competent authorities [46] .
The health of people living in developing countries is critically dependent on the availability of good quality medicines [7] . Global and national regulatory systems require significant and urgent reform and strengthening to assure the quality and safety of medicines and contribute to more sustainable health systems and the achievement of universal health coverage [40] .
Pharmaceutical manufacture and regulation is a globalized business. Emphasis on harmonization efforts, standard setting, and mutual recognition agreements are increasing. Knowledge of international guidelines is important for understanding the future direction of these efforts [39] . Regulatory convergence, a movement towards technical alignment to enable the adoption of local regulatory mechanisms that consider internationally recognized standards and principles to promote a single sanitary goal, has also emerged to address the challenge of regulating international practices taking into consideration the specific realities of each country [47] . The U.S. FDA created a "risk-based" method for prioritizing GMP inspections [48] , developing a model to predict establishments that could have problems in maintaining GMP standards, and inspections are focused on those facilities [49] . In 2012, PIC/S also recommended a model for risk-based inspection planning in the GMP environment [50] . ANVISA adopted PIC/S recommendations in 2014 [51] . However, for international inspections, it is impracticable to cover all the companies that need to be inspected for the maximum time recommended by PIC/S (3 years), as ANVISA receives around 800 applications for the International Medicines GMP certificate per year, and there are more than 1,250 international drug manufacturers registered in the inspection database. Consequently, most of the international GMP certificates are renewed without a new inspection, based on a risk assessment, considering the GMP compliance history, time elapsed since the last inspection, new products or line inclusions, marketing complaints, and product quality review information [24] . HRA should work together for the strengthening of GMP inspections and to avoid duplicated efforts, with the primary objective of assuring medicines comply with the required quality standards. Information sharing within PIC/S is voluntary, and it is up to the receiver of the information to decide how to use it, but a participating authority can use the outcome of an inspection conducted by another PIC/S authority to avoid duplicating an inspection [46] . The Australian Department of Health's Therapeutic Goods Administration (TGA) is using a GMP clearance system for companies certified by PIC/S members and has significantly reduced the number of overseas required inspections [12] . In this context, becoming a PIC/S member could make the best use of ANVISA's resources to focus on high-risk facilities in Brazil or overseas.
Disclosure of the leading GMP deficiencies is a key step for regulatory transparency and can be useful for both industry and ANVISA to improve the regulation process. As noted above, different regulatory approaches and practices have been adopted by HRAs for publicizing results of inspections. Presently, ANVISA only publishes the results of certification applications on the Government Official Gazette and in a database available, in Portuguese, on its website [52] . It may be useful to adopt an annual review on common GMP deficiencies, as recommended by PIC/S [44] , to identify specific GMP areas to be focused on in training, harmonization and targeting the GMP inspections to high-risk facilities. Furthermore, additional guidelines in the specific areas where deficiencies are often identified may be useful for the industry to improve GMP compliance.
Reported data shows that ANVISA inspections have observed a more substantial number of unsatisfactory (non-compliance) results than other stringent regulatory authorities, which may be explained by the different procedures adopted by each HRA for the conclusion on the status of facilities, as the pattern of deficiencies found is similar to other authorities. Another possible explanation for the obtained results is that manufacturers inspected by ANVISA use different standards and practices for products manufactured to the Brazilian market. Brazil is an attractive market for both innovative and generic medicines because the government covers many types of treatment, and they represent a significant portion of the health budget [53] . Without assurance that these medicines meet acceptable standards of quality, safety, and efficacy, health services may be compromised [54] . International inspections conducted by ANVISA are important to prevent poor quality pharmaceutical products entering the supply chain in Brazil. However, the results obtained reinforce the need for harmonization of inspection procedures and decisions between HRAs to avoid duplicated work and prioritize highrisk facilities with the main objective that patients receive safe, effective and quality medicines.
Conclusion
The most common areas of deficiencies reported by ANVISA during international GMP inspections of medicines were related to documentation and premises, similar to the findings of stringent regulatory agencies such as the U.S. FDA and PIC/S members, showing that similar inspection procedures are applied. However, considering the compliance rate, ANVISA found a higher number of non-compliance results than other authorities, which may be caused by different types of decision adopted by each jurisdiction or the standards applied for manufacturing products to Brazilian market may not be the same as used in those markets. Our findings emphasize the need to promote the use of medicines manufactured under GMP conditions to prevent substandard medicine circulation, especially in developing countries. ANVISA could conduct this kind of evaluation periodically to identify patterns and trends, focusing on inspections at high-risk manufacturers, as well as detecting divergent issues with international regulations, seeking regulatory convergence and international harmonization of GMP guidelines and inspection procedures. In addition, disclosure of the common deficiencies found contributes to regulatory transparency, which may be useful for the industry to improve GMP compliance. International collaboration on GMP inspections could avoid duplication of efforts between regulatory authorities, allowing them to take a risk-based approach and focus on inspections of non-compliant companies, increasing good quality medicines availability and contributing to a sustainable public health system.
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